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INDIVIDUAL WELL REPORT 
FROM THE PROGRAM ON 

CHARACTERIZATION AND ANALYSIS 
OF DEVONIAN SHALES AS RELATED TO 
RELEASE OF GASEOUS HYDROCARBONS 

WELL A-l MCKEAN COUNTY, PENNSYLVANIA 

R. S. Kalyoncu, J. P. Boyer 
and M. J. Snyder 

Shale samples from McKean County, Pennsylvania (A-l), cored and 

INTRODUCTION AND SUMMARY 

acquired in February 1979, were characterized and analyzed for their 

hydrocarbon gas and organic contents. A total of 85 core samples were 

obtained; 36 samples for Battelle and 49 specimens for other DOE contractors. 

The hydrocarbon gas data of A-l samples are characterized by 

significant amounts of higher chain hydrocarbons, though methane is still 

the predominant species in the gas mixture. 

Total carbon contents range between 0.2 and 10.5 percent. Whereas 

the sulfur values range from 0.1 to 2.6 percent. Hydrogen contents remain 

relatively uniform (0.4 to 0.8 percent). 

There are no unusual values observed among the physical characterization 

data, e.g., densities, porosities, etc., compared with those of other shales. 

This topical report summarizes the laboratory findings on the characterization 

of A-l shales. 
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OBJECTIVE AhTD SCOPE 

The objective of this program is to determine the relationship 

between shale characteristics, hydrocarbon gas content, and well location 

to provide a sound basis for defining the productive capacity of the Eastern 

Devonian shale deposits and for guiding research, development, and demon- 

stration projects to enhance the recovery of natural gas from the shale 

deposits. The program includes a number of elemental tasks as a part of 

the Resource Inventory and Shale Characterization subprojects of DOE's 

Eastern Gas Shales Project and is designed to provide a wide variety of 

support data for that project. 

Approximately 1000 core samples of gas bearing Eastern Devonian 

shale will have been examined by the end of the program. After the 

characterization data for individual wells have been compiled, a regression- 

type analysis for pattern recognition will be performed to establish the 

interrelationships between the shale characteristics, the hydroca?bon gas 

content, and well locations from which the samples were obtained. 

The following tasks comprise the total efforts in this research 

program: 

Task Descriptive Title 

1 Core Sampling 

2 Gas Content and Gas Release Kinetics 

3 Chemical Characterization of Shale 

4 Physical Characterization of Shale 

5 Lithology of Shale 

ANALYSIS AND DISCUSSION OF TEE CHARACTERIZATION DATA 

The characterization data on the A-l (McKean County, Pennsylvania) 

well are reported and discussed in the ensuing pages. 

EATTELLS - COLUMBUS 
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. 
Task 1. Samnle Coring 

McEean County, Pennsylvania well (A-l) was cored by Minard Run 

Oil Company. Coring took place in February 1979. A total of 85 core samples 

were collected; 36 samples being collected for Battelle and 49 samples 

for other DOE contractors. Depth of coring was from 3470 to 5212 feet. 

Additional well and field sampling data are provided in Tables 

1 and 2, respectively. Figure 1 is a plot of depth versus sample on 

surface time for A-l shale samples. 

Task 2. Free Gas Analysis 

The initial hydrocarbon gases released by the A-l shale samples 

are tabulated in Table 3. Methane is the predominant single hydrocarbon 

spec&es, but a number of samples show significantly higher and longer 

chain hydrocarbons (e.g., ethane, propane) and some are even higher than 

methane contents (e.g., samples 4630, 4747, and'5059 being a few examples). 

This again points out the higher BTU value, and hence, the quality of the 

natural gas as pointed out in previous reports. The hydrocarbon gas contents 

measured in the sealed canisters vary from about 5.5 to over 7.6 percent 

of the total gas contents (including air) accumulated in the free space 
in the canisters surrounding the shale samples. 

Statistical parameters on the free gas data are summarized in 

Table 4. Average hydrocarbon gas con&t for 36 samples is about 36 percent 
of the gas mixture corresponding to a value of about 0.5 cubic foot of 
natural gas per cubic foot of shale. Shale depth versus gas contents 

plotted in Figure 2 shows a large scatter in the data to detect any possible 

relationship between the two. 
. 

Task 3. Chemical Characterization Data 

Toial carbon, hydrogen, nitrogen and sulfur contents of A-l 

shales are reported in Table 5. Usual high scatter in carbon, and to a 

certain extent in sulfur contents, is seen in the table. Carbon contents 

vary from 0.2 to 10.5 percent by weight of shale, whereas the sulfur 

BATTELLE - COLUMSUS 
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contents range from 0.1 to 2.6 percent. 'Hydrogen contents remain relatively 

uniform ranging between 0.4 and 0.8 percent. Figures 3 through 6 are a 

summary of chemical characterization data as a function of sample depth. 

Large scatter in the data does not permit determination of any quantitative 

reiationships. Figures 7 through 9 are plots of hydrocarbon gas contents 

versus carbon, hydrogen and sulfur contents, respectively. There is a great 

similarity between Figures 7 and 9. 

Task 4. Physical Characterization Data 

Partial physical characterization data (densities, porosity, 

caluclated from the densities and surface area) are presented in Table 6. 

Densities average 2.59 and 2.72 for bulk and true densities respectively, 

which translates into about five percent overall porosity in these shales. 

Few pertinent statistical parameters on the physical characterization data 

are given in Table 7. Surface areas have an average value of 3.43 m2/g 

and range between 1.13 and 8.44 m2/g. Figures 10 through 13 depict relation- 

ships between the bulk densities and gas contents and chemical characteristics. 

Mercury intrusion porosities are compiled in Table 8. The average 

value of these values is somewhat higher than the average porosity value \ 
calculated from the density data. Bulk density, carbon and hydrogen values 

are plotted against porosities in Figures 14 through 16. Large scatter in 

the data makes it difficult to detect any discernable relationship between 

the parameters. Detailed mercury intrusion porosity data are presented 

in Appendix A. 

Permeability measurements were made of several A-l shales. 

The values for four measurements ranged between 1.67 x lo-6 to 1.16 x 10-S 
darcy, 

. Task 5. Lithology of Shale 

Examination by petrograph microscope and the results of the energy 

dispersive analyses, presented in Table 9, showed the four samples studied 

to vary in their content of the major mineral constituents. Sample A-l-3472 

was high in quartz, had a moderate illite content and was low in carbonate 

and pyrite. Sample A-l-4687, on the other hand, had a relatively high 
BATTSLLE - COLUMBUS 
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content of carbonate mineral, a moderate amount of quartz, and a relatively 

low illite and pyrite content. Sample A-1-5159 was too opaque to permit 

estimation of mineral contents microscopically. EDAX results indicated 

significant illite and quartz contents by virtue of the relatively high 

K and Si counts. The Ca count indicates a moderate carbonate mineral content 

and the low S count shows a small amount of pyrite. Sample A-1-5159 contains 

the same minerals as the other sample but differs in having the lowest 

quartz and highest pyrite content. SE24 views of the shale samples are 

shown in Figures 17, 18 and 19. 
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TABLE 8. XERCURY INTRUSION POROSITIES 
OF A-l SHALES 

Sequence 
Number I.D. Number 

Porosity, - 
Percerrt 

1 

3 

5 
7 

9 
13 
15 
17 

19 
23 
31 

33 
35 

A-l-3472 
A-1-3512 

A-l-4552 

A-1-4590 
A-1-4630 
A-1-4707 
A-I-4747 

A-l-4785 

A-l-4825 
A-1-4903 
A-1-5059 
A-1-5099 
A-l-5139 

4.51 
5.46 

8.58 

7.80 
7.28 

3.91 
3.38 

1 12.74 

4.68 
7.02 
9 .'62 
8.32 
8.06 
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TABLE 9. EXERGY DISPERSIVE ANALYSIS OF A-l SHALES 

Shale Element Co& Per 100 Counts 
Sample K Ca Mg Al Si Fe S Ti Fe/S K/Al K/Si AL/Si ' 

A-l-3472 

A-l-4687 
A-l-4923 

A-l-53.59 
Illite grain 

Pyrite grain 
Quartz grain 

5.8 1.0 Tr 13.7 69.4 9.1 -- 1.0 0~ 0.42 0.08 0.20 

5.2 15.9 - 11.4 62.4 3.6 1.3 - 2.88 0.46 0.08 0.18 

8.8 6.5 Tr 11.8 62.3 8.6 1.7 - 4.84 0.74 0.14 0.19 

7.7 4.2 Tr 18.1 59.6 5.9 4.3 0.8 1.37 0.39 0.12 0.30 

17.2 - - 25.5 57.3 - - - - 0.67 0.30 0.45 

0 - 27.5 72.5 - 0.38 - - - 
' - - 10(-J - - - - - - - 

.‘ 
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FIGURE 17. SEX MICXOGiUPH OF SA?PLE A-1-3472 
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FIGURE 18. SM flCIUlGRAPH OF .SAI??LE x-1-1687 
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FIGURE 19. SM MICROGRAPH OF SANPLE A-1-5159 
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